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Foreword

The next generation NOAA Geostationary Environmental Operational Satellite (GOES) series is
in the early stage of planning—with first launch now scheduled for the 2012 timeframe. To
ensure the optimal capability is acquired, NOAA is conducting a number of outreach efforts to
exchange information with the user community, seeking a wide range of inputs. These
recommendations are essential to optimizing the future system capability.

The goals of the conference were to:

= Inform GOES users of plans for the next generation (GOES-R Series) capabilities
= Provide information on the potential applications

= Determine user needs for new products, data distribution, and data archiving

= Assess potential user and societal benefits of GOES capabilities

=  Develop methods to improve communication between the National Environmental
Satellite, Data, and Information Service (NESDIS) and the GOES user community

These goals were fully attained since many useful recommendations were made that NOAA will
consider as we develop the future GOES series. These recommendations are documented in this
report. This input is also especially timely since we are in the process of developing requirements
for the future series and will be documenting and validating these requirements over the next few
years. These requirements form the basis for various technical studies and cost/benefit analyses.

NOAA organized this conference with co-sponsorship from the National Aeronautics and Space
Administration, the American Meteorological Society, the National Weather Association, and
the World Meteorological Organization. The National Institute of Standards and Technology
(NIST) assisted by providing their meeting facilities in Boulder. We would like to thank all
conference participants especially the invited speakers, the program committee, NIST personnel
for the logistic support, and all those who provided valuable suggestions for improving the future
GOES program.

Gary K. Davis
Director
Office of Systems Development
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Introduction—GOES Users’ Conference

A myriad of activities are involved in planning for a future Geostationary Operational
Environmental Satellite (GOES) series. One of the most important of these is an extended and
continuing outreach to the user community — to share information on NOAA plans for future
system capabilities — and to get input from users on future evolving needs. NOAA is now in the
early stages of planning for the GOES-R Series, now planned for the first launch in 2012. While
that may seem to be far in the future, it is not that long in terms of acquisition planning. NOAA
has started technical planning for key sensors and setting mission requirements. So establishing
the two-way dialog now is not too early.

To further NOAA/User information exchange, a 3-day GOES Users’ Conference was held in
May 2001 in Boulder Colorado, with close to 200 participants from the private sector, academia,
government, and the international community. The goals of the conference were to:

* Inform GOES users of plans for the next generation (GOES-R Series) capabilities

= Provide information on the potential applications

= Determine user needs for new products, data distribution, and data archiving

= Assess potential user and societal benefits of GOES capabilities

= Develop methods to improve communication between the National Environmental
Satellite, Data, and Information Service (NESDIS) and the GOES user community.

The conference was organized into specific sessions on:

= Planned and Potential Sensors for U.S. Geostationary Satellites
= User Requirements, Applications, and Potential Benefits from Future GOES
= Future International Geostationary Satellites

= Communications, Ancillary Services and Training Issues

The last day of the conference consisted of breakout sessions in which attendees provided input
to ten specific questions on their future needs for products, services, data distribution, archiving,
training and potential benefits of the anticipated next generation GOES capabilities to their
future operations and to society at large.

This report summarizes the conference recommendations with special emphasis on the Advanced
Baseline Imager (ABI) and the Advanced Baseline Sounder (ABS). The report also provides a
proposed approach for continuing communication between NOAA and GOES users to ensure
that the needs of the entire user community are considered in the design of future systems,
products, and services.



1. Future Benéefits

A key issue dealt with was that of potential benefits to users and society as a whole. Specifically:

Considering the information presented during this conference regarding the
potential benefits and service improvements of GOES, can you foresee additional
savings in terms of life, injury avoidance or protection of property? Please
indicate the three most important benefits to your program or to society.

Respondents indicated that planned GOES capabilities would lead to significant improvements
in detection of atmospheric moisture and improved quality of satellite derived winds, leading to
improved numerical model performance. This together with subjective use of the improved
satellite data and products by forecasters, should result in more timely and accurate weather
forecasts, including:

= Improvements in tornado warnings

= Forecasts of hurricane landfall

= Forecasts of flooding

= Forecast detail.

The improved forecasts should directly lead to preservation of life and property, including:

= Improved quality of life due to better recreational planning

= Improved safety and economic benefits to commercial, military and general aviation
* Improved management of energy resources

= Improved planning and management of ground and marine based transportation

* Improved fisheries management

= Improved guidance for State Emergency Managers

= Cost savings for agricultural applications from better planning of watering, and
application of pesticides, herbicides and fertilizers

* Improved management of water resources and flood control

= Improved military operations due to improved forecasts for trafficability, weapons
trajectories, ship and plane sorties for storm avoidance, and aircraft carrier operations.

To ensure realization of these benefits, the conference participants provided numerous
recommendations regarding the ABI and ABS, as documented below.



1.1 Advanced Baseline Imager

One of the strongest messages from the conference was that a minimum of twelve spectral
channels on the imager will be required to meet the diverse needs of the user community. These
channels should include:

= (.64 um for daytime detection of clouds
= (.86 um for daytime detection of clouds, aerosols, vegetation and ocean properties
= 1.375 um for daytime detection of thin cirrus

= 1.6 um for distinguishing clouds from snow and water cloud from ice cloud (daytime
only)

= 3.9 um for detection of fires, and nighttime detection of low clouds and fog
= 6.15 um for detecting upper tropospheric moisture and determining upper level flow
= 7.0 um for detecting mid tropospheric moisture and determining mid level flow

= 8.5 um determining cloud phase, detecting sulfuric acid aerosols and determining surface
properties

= 10.35 um for determination of cloud particle size and surface properties

= 11.2 um for detection of clouds, generating cloud drift winds, and determination of low
level water vapor

= 12.3 um for detection of volcanic ash, low level water vapor, and sea surface
temperatures

= 13.3 um for determining cloud-top parameters and determining cloud heights for
improved quality cloud drift winds

In addition to these channels, which are considered essential, there was a strong recommendation
for at least two additional channels: the 0.47 pum and the 9.6 um. The 0.47 pm channel would be
important for generating true color images, and for detecting aerosols and haze in determining
slant range visibility for aircraft operations. The 9.6 pum channel would be important for
detecting ozone and for the detection and forecasting of clear air turbulence.

Beyond these additional channels, providing they would not result in major sensor complexity or
expense, a 4.57 um channel would be useful for improved determination of precipitable water
and a 14.2 pum channel would be useful for more accurate cloud top heights. However, these
products could also be generated by the hyperspectral sounder on the GOES-R series.

The participants strongly endorsed plans for improved spatial and temporal resolution. Current
plans call for 0.5 km spatial resolution (at satellite subpoint) for the 0.64 um channel and 2 km
resolution for all other channels. Since there will be more quantitative applications for both the
visible and IR channels, there was a recommendation that the resolution of the .86 um channel
match the 0.5 km resolution of the 0.64 pm channel. Also, the visible channels should be
calibrated on-board because this would enable accurate radiation measurements, which will
support such products as improved solar insolation at the surface, snow mapping, improved



aerosol detection and image quality (especially when displaying an image from more than one
sensor).

Participants expressed the need for improved temporal resolution to support simultaneous global,
synoptic and mesoscale imaging needs. The ABI should be capable of providing full disk images
every 5 minutes and a 1000 km by 1000 km area every 30 seconds.

1.2 Advanced Baseline Sounder

For geostationary soundings to provide the most useful complement to other observing systems,
they must yield continuous, reliable, high spectral resolution data in the following locations:

= Areas not observed by other data sources (e.g., over the coastal waters and open oceans),

= Near gradients of data when these gradients occur between observations derived from
other sources of data, and

= Between temporal gaps of polar-orbiting satellite observations, providing complete
observations of the diurnal cycle. This is true for the radiances, the soundings themselves,
and the derived sounding product images. Future GOES sounders must be capable of
covering much larger areas every hour to satisfy the observational needs over both the
continental U.S. and the data-sparse ocean areas.

While National Weather Service (NWS) forecasters find the products from the present GOES
sounder to be a valuable observational tools in the forecast process (Schmit et al. 2001), and
continue to develop more operational uses for the data, the relatively coarse vertical resolution of
the filter wheel sounder has inherent limitations for some applications. The present generation of
GOES sounder is limited to 2-3°C accuracy over a 3 to 5 km layer. Broderick et al. (1981)
illustrates how soundings from radiometers with poor vertical resolution can easily miss
meteorologically important features such as temperature inversions and dry/moist layers. The
availability of GOES-derived soundings with improved vertical and temporal resolution would
greatly enhance the ability to initialize numerical models with more realistic observational
assessments of temperature, water vapor and wind (Aune et al. 2000).

A key message from the conference participants, was that while the current filter wheel sounder
provides valuable information for both numerical models and for subjective use in the forecast
offices, future applications will require a much faster coverage rate for the sounder with much
improved spectral and spatial resolution. For numerical applications in the 2010 time frame and
beyond, models with much improved physics and a spatial resolution of 1 to 2 km, will require
detailed information on clouds, moisture and surface specifications as well as tendencies. In the
seamless suite of products from the National Centers for Environmental Prediction (NCEP), with
its essential climate, weather and water linkages, all model applications are essentially driven by
the global model system, which in turn is driven by global observations, including observations
from both polar and geostationary satellites. Improved spectral and spatial coverage of future
GOES Sounders will be critical to meeting the National Weather Service’s (NWS) future goals
for numerical weather prediction, objective nowcasting and real time forecaster products.



Specific recommendations for the ABS are:

Coverage rate should be much faster than the current sounder to eliminate the conflict
between global and mesoscale observations. It should be able to scan an area close to full
disk within one hour.

It should be capable of operating in a rapid scan mode, sacrificing areal coverage for
greater temporal resolution over a limited area when needed.

It should have a field of view no larger than 4 km, to allow for more observations
between clouds.

It should be able to detect temperature inversions, which are critical for severe weather
forecasting.

Calibration information and algorithms to generate products should be made available to
the user community.

Soundings are needed in cloudy areas. Conventional GOES clear air soundings should be
supplemented either by a microwave sounder in geostationary orbit, or with GOES IR
soundings above the clouds and polar microwave soundings.

Funding for research and development of new satellite products should be part of the
satellite acquisition budget.

For developing new satellite products there should be improved collaboration between
research and operations.

In operations there is a need for a blend of data and products from operational and
research satellites.

If these recommendations are met, it is expected that the ABS will:

Depict water vapor as never before by identifying small scale features of moisture
vertically and horizontally in the atmosphere

Track atmospheric motions much better by discriminating more levels of motion and
assigning heights more accurately

Characterize the life cycle of clouds and distinguish between ice and water cloud, and
identify cloud particle sizes

Accurately measure surface temperatures (both land and sea) by accounting for
emissivity effects

Distinguish atmospheric constituents with improved certainty, including volcanic ash,
ozone, methane and other trace gases.



1.3 New Imager and Sounder Products
With the expected improvements for the ABI and ABS, the following new or improved
operational products were suggested:
= Atmospheric aerosols
= Cloud phase
=  Cloud particle size
= Surface properties
= Improved satellite derived winds
=  Moisture flux
= Improved quantitative precipitation estimates
= Improved volcanic ash product
= (lear air turbulence threat areas
* (Cloud emissivity
= Improved low cloud and fog product
= Cloud layers
= Probability of rainfall for each pixel
*= Improved sea surface temperature product
=  True color product
= (Cloud optical depth
= Sulfur dioxide concentration (precursor to volcanic eruption)
= Aircraft icing threat
= (Qcean color;
= Under (ocean) surface features (i.e. coral reefs)
= Improved sea ice products
* Improved vegetation index
= Ozone layers

= Surface emissivity

2. Space Weather

The GOES program has included space environment measurements since its inception,
beginning with the launch of the Synchronous Meteorological Satellite (SMS-1 in 1974). These
measurements have continued to grow in importance as the Nation’s reliance on space and
ground-based technology affected by the space environment increases, and as we embark upon
an era of permanent human presence in space with the occupancy of the International Space



Station. For GOES-R, the established requirements for observations of disk-integrated solar x-
ray flux, disk integrated extreme ultraviolet flux, solar x-ray imaging, energetic charged
particles, and the local magnetic field are basically similar to those set for the GOES-N series.
Proposed improvements include:

* Increasing the dynamic range of the Solar X-ray Imager (SXI) to better cover the full
dynamic range of solar features and instrument modifications that may extend the
measurements to other wavelengths

= Additional channels and increased cadence on the Solar Extreme Ultraviolet Sensor
(EUVS) to obtain improved height resolution for thermospheric heating rates and
ionization rates, and to monitor solar EUV flares

* Improved dynamic range and a lower threshold of the Solar X-Ray Sensor (XRS) so that
the instrument will be able to monitor the solar x-ray flux even at low activity levels and
to help in establishing secular (>10 year) trends in the solar x-ray flux;

= To extend the Energetic Particle Sensor (EPS) proton measurements down to 30 KeV to
better monitor the bulk of Earth’s ring current that contributes to spacecraft charging,

= To meet specifications that were requested, but not met with the GOES-N series.

All of these improvements are important for data products that support systems and human
activity affected by conditions in the space environment.

3. Instrument of Opportunity

Each of NOAA'’s three-axis stabilized series of GOES satellites has a place reserved on the
Earth-facing side for an Instrument of Opportunity (IOO). The 10O slot is a location for new
technologies that provide space, time, and/or spectral resolution of the environment not possible
with the preconceived Imager and Sounder. Candidate I0O’s have been suggested to detect
lightning, volcanic eruptions, ozone, sulfur dioxide, ocean color, vegetation and special weather
events. The NOAA policy to qualify as an IOO on GOES, the proposed instrument must satisfy
five conditions. The instrument must:

1. Have potential benefit to NOAA

2. Fit within the allocation constraints

Be independently funded, including pre-launch test equipment and the spacecraft
accommodation costs

4. Be delivered two years before launch for integration and testing

5. Not interfere with the existing launch schedule or the operational instruments
Four of the breakout groups recommended a lightning mapper for an instrument of opportunity;
four recommended a special event imager; and three recommended a microwave sounder. There

was also a recommendation for NOAA to provide funding for spacecraft accommodation costs
for an IOO.



4. Data Distribution

The current GOES transmits data with a rate of 2.1 Mbits per second. The GOES-R series, with
about 2,000 bands on the sounder, as well as more channels on the imager with higher spatial
and temporal resolution, the data rates will increase to 20 to 80 Mbits per second, depending on
the amount of data compression used. Options include land line distribution, commercial satellite
distribution, or rebroadcast from the GOES. The current L band broadcast may have to be
changed to an X band transmission (which has problems with rain fade and low angle reception).
This would require completely new reception equipment. The current L band is also the only
approved method of transmission while the satellite is moving into position from a storage
location. The conference participants were asked to convey their needs for data distribution and
provide suggestions for optimum methods of distribution.

Some recurring themes among the user responses included:

= There is a wide spectrum of user needs with different tiers of data access. There should
be a full range of methods of reception to accompany the broad range of data
requirements.

= Data distribution should be timely and have low cost and low data rate options available.
= Data distribution options that should be considered include:

— Commercial satellite broadcast

— Direct broadcast from GOES

— Internet

— Dedicated land lines

— Data acquisition by users from a central location
— Some combination of above

= Re-use existing ground station assets and broadcast a subset of the ABI/ABS data streams
from decommissioned GOES satellites.

5. Data and Product Archive Needs

The breakout groups recommended that a full spectrum of GOES products, ranging from raw
data to highly processed products be available in an archive for applications ranging from the
nowcasting scale to the climate scale. The products should be stored in a user friendly format,
allowing for easy remote access at minimal cost to the user. The user must also have access to
metadata, including information on data and product quality trends due to variations in
instrument or satellite performance. Users should be able to browse, select and submit requests
for products via the internet. Potential options for product distribution to the users include: File
Transfer Protocol (FTP) for electronic transfer, CD-ROMs, and DVDs. Turnaround for most data
requests should be less than 1 day, while one week should be allowed for extremely large
requests (e.g., one or more year’s of data).



6. New Data Integration

Participants of the workshop provided several recommendations on ways to minimize the time
required to integrate the new GOES-R data stream into operations:

Leverage data from relevant instruments on other satellites to better understand GOES-R
capabilities (i.e. use AIRS and GIFTS data to prepare for ABS; use MODIS to simulate
ABI data)

Provide correctly formatted sample data sets to the user community at least one year prior
to the GOES-R launch

Requirements for operational algorithms should be identified by the spring of 2002
Operational algorithms should be developed 3 to 5 years prior to launch

Establish a working group to develop plans to provide sample data sets and for
development of new operational algorithms

NOAA should provide in education, training, research, and product development to
ensure optimal use of GOES-R products shortly after launch

Provide an extended scientific checkout period following the GOES-R launch to allow
use of current data and to ease the transition to new data sets.

NOAA should have in place a fully operational infrastructure for reception, distribution,
processing, and archiving, ready for use with test data sets prior to the GOES-R launch.

7. Education of User Community

To ensure maximum return on the investment in the next generation GOES, the breakout groups
recommended that NOAA provide comprehensive education program for all levels of GOES
users, including: forecasters, emergency managers, recreational users, academia, the media,
industrial users, and commercial users. Education programs should be funded as part of the end-
to-end GOES program.

Methods of education should include:

Conferences and workshops

Web-based training

Teletraining

CD-ROM or DVD based training

Provide segments on the Weather Channel and other media

Educational and information appropriate for Congress, upper level management, and
business leaders.



8. Summary and Conclusions

The GOES User’s Conference was a good first step in establishing communication between
NOAA and the GOES User Community. Participants strongly supported a continuation of the
two way dialogue between users and those planning the development of the next generation
GOES. Recommendations for communication venues included:

= Regular conferences similar to the GOES Users’ Conference

= Formation of working groups to deal with specific issues

» Provide a bulletin board for information exchange

= Hold informational sessions at end-user conferences (e.g. NWA, CWSA, AMS, Space
Weather Week)

= Provide an updated, focused, supported web site;

= Provide information via e-mail

= Make an expert team available to users and instrument developers
In response to the user recommendations, a permanent working group has been established to
deal with action items originating from the conference. Also, a bulletin board has been set up at:

http://www.osd.noaa.gov/GOES/feedback/sign.asp for two-way communication between NOAA
and the user community. Finally, plans for the next GOES User Conference are being prepared.

The participants strongly voiced the recommendation for improvements in spectral, spatial, and
temporal resolution in both the future Imager and Sounder. Observations should be relevant for
all spatial scales, from the global to the mesoscale, for multi-discipline applications in
meteorology, climatology, hydrology and oceanography. In order to meet the needs of a wide
cross section of the user community, at least 12 imager channels will be needed with .5 km
resolution in the visible channels and 2 km resolution in the IR channels.

The Sounder should provide observations approaching radiosonde quality. It should:

= Provide an accurate three-dimensional picture of atmospheric water vapor

= Determine atmospheric motions much better by discriminating more levels of motion and
assigning heights more accurately

= Distinguish between ice and water cloud and identify cloud particle size

= Provide a field of view no greater than 4 km to provide better viewing between clouds
and near cloud edges

= Provide accurate land and sea surface temperatures and characteristics by accounting for
emissivity effects

10



= Distinguish atmospheric constituents with improved certainty, including volcanic ash,
ozone, and methane

= Detect atmospheric inversions
These improvements in the imager and sounder should lead to improved service to the user
community, including improved:

= (Quantitative precipitation forecasts;

= Size reduction of geographic areas affected by watches;

= Early detection of severe weather and flash floods;

= Forecasts of hail and hail size;

= Prediction of fog formation and dissipation;

= Forecasts of microburst potential,

= Forecasts of mesoscale convective systems; and

= Forecasts of hurricane intensity and motion.

11
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Appendix 1—Conference Agenda

AGENDA
GOES Users’ Conference
May 22-24, 2001

NIST Auditorium & the Millennium House
Boulder, CO

Goals for Workshop:
1. Inform users of future capabilities and potential applications of GOES

2. Determine user needs for:

— new products

— distribution of GOES data and products

— instruments of opportunity

— access to sample data prior to launch of next series
— future training

Assess user and societal benefits of future systems

4. Develop methods to improve communication between NESDIS and the GOES user
community

— develop process for determining and updating requirements

Day 1 (Tuesday): NIST Auditoriim

7:30 am  Registration

9:00 am Introduction (logistics, conference format etc) (Jim Gurka/ NESDIS)
9:05am Welcome/ Opening Remarks/ GOES: the NOAA Vision (Mary Glackin/ NESDIS)
9:35am  The GOES Program (overview) (Gerald Dittberner/ NESDIS)
10:00 am BREAK

10:30 am Keynote Address (Dr. Elbert W. Friday)

Session 1: Planned Sensors for Domestic Geostationary Satellites
Chairperson: Dr. Paul Menzel

11:00 am Introduction of Session 1 Gary Davis/ Paul Menzel
11:10 am Advanced Baseline Imager (ABI) (TimothySchmit/NESDIS)
11:55 am Lunch (on your own)

1:10 pm  Advanced Sounder (Dr. Paul Menzel/ NESDIS)
1:55pm  GIFTS (Dr. William Smith/ NASA)
2:40 pm  Space Environment Monitor/ SXI (Howard Singer/Steve Hill/lOAR/SEC)

3:10pm BREAK
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Session 2: Additional Potential Sensors for Domestic Satellites

3:40 pm
3:50 pm
4:20 pm
4:40 pm
5:10 pm
5:25 pm
6:00-7:30

Chairperson: Dr. Marie Colton

Session Introduction (Dr. Marie Colton/ NESDIS)
ESEI, Lightning Mapper, VolCam (Dr Dennis Chesters/ NASA)
NPOESS & GOES: complementary systems for the future (Cpt. Craig Nelson/ IPO)
Satellite Acquisition Strategies (Del Jenstrom/ NASA)
Day 1 wrap-up (Gary Davis/ NESDIS)

End of day 1 sessions
Reception (Regal Harvest House)

Day 2 (Wednesday): NIST Auditorium

Session 3: User Requirements, Applications and Potential Benefits from

Future GOES
Chairperson: Donald Gray

8:15am Day 2 Introduction (Gary Davis/ NESDIS)
8:20 am  Session 3 Overview (Donald Gray/ NESDIS)
8:30 am A Visionary Look at the Next Generation GOES (Dr. James Purdom/ NESDIS)
9:00 am Potential Impact of GOES Data in NWP Models (Dr. Ralph Petersen/ NWS/ NCEP)
9:25am  The Value of Improved GOES Products in the NWS Forecast Offices (Greg Mandt/ NWS/ OS)
9:50am BREAK

10:20 am NCAR View of Future GOES (Dr. David Johnson/NCAR/RAP)
10:50 am Fisheries and Oceanographic Applications (Dave Foley/ NMES)
11:10 am Value of Future GOES to Navy Operations (Capt. Michael Pind)
11:30 am LUNCH

12:45 pm Value of Future GOES to Army Operations (Dr. Don Hoock)
1:05 pm  Value of Future GOES to USAF Operations (Col. Robert Allen/AFWA)
1:25pm Commercial Aviation Issues (Ed, Miller ALPA)
1:40 pm Commercial Weather Services: Issues (Maria Pirone/WSI)
1:55pm Climate and Hydrology Applications (Dr. Paul Try/)
2:15pm BREAK

Session 4: Future International Geostationary Satellites
Chairperson: Dr. James Purdom

2:35pm  Session Overview (Dr. James Purdom/ NESDIS)
2:40 pm  The Future of Meteosat (Dr. Johannes Schmetz/ EUMETSAT))
3:15pm The Role of Geostationary Satellites in the Global

Observing System: the WMO Perspective (Dr. Don Hinsman/WMO)

Session 5: Communications, Ancillary Services & Training Issues

3:50 pm
3:55 pm
4:15 pm
4:35 pm
5:00 pm
5:20 pm
6:00 pm

Chairperson: Anthony Mostek

Opening remarks (Anthony Mostek/NWS)
Options for data distribution (Peter Woolner/Mitretek)
Ancillary Services (Dane Clark/ NESDIS)
Training Options (Anthony Mostek / NWS)
Day 2 Overview (Auditorium) (Gary Davis/ NESDIS)

End of day 2 sessions
Workshop Dinner (Regal Harvest House)
Dinner Speaker: Ray Ban (Senior Vice President of the Weather Channel)

14



Day 3 (Thursday): Regal Harvest House

Breakout Sessions

Facilitator: Jessica Hartung

8:30 am Introduction to feedback process

9:00 am Breakout sessions begin
Technical Leads: Paul Menzel, Peter Woolner,
Fred Mosher, Don Gray, Dick Reynolds,
Kevin Schrab, Jeff Hawkins, Gary Hufford

10:00 am BREAK

10:30 am Breakout sessions resume

11:45 am Working Lunch (provided)

1:00 pm Breakout sessions resume

2:00 pm Break

2:20 pm  Highlights from each breakout group

4:00 pm Closing remarks

Day 4 (Friday):

Optional tours: NGDC, NCAR, NIST, SEC, FSL, NWS/ WFO

15

(Jessica Hartung)
(Facilitators and Technical Leads)

Group representatives
(Gary Davis)
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Appendix 2—Presentation Summaries

Session 1: Planned Sensors for Domestic Geostationary Satellites
Chairperson: Dr. Paul Menzel
Advanced Baseline Imager (ABI) (Timothy Schmit/NESDIS)

To keep pace with the growing need for GOES data and products, NOAA is evolving its geostationary
imaging capabilities. The Advanced Baseline Imager (ABI), the next generation geostationary imager,
addresses National Weather Service concerns by increasing spatial resolution (to better depict and range of
phenomena), by scanning faster (improved temporal sampling and scanning additional regions) and by
adding spectral bands (enabling new and/or improved products). ABI will have a minimum of eight and a
maximum of twelve spectral bands. The minimum eight bands would be similar to the five bands on the
current GOES-8 -11 imagers (0.64, 3.9, 6.15, 11.2, and 12.3 um), plus a snow/cloud-discriminating 1.6 um
band, a mid-tropospheric 7.0 um water vapor band, and a 13.3 um band useful for determining cloud
heights.

Two proposed additional bands, are centered in infrared windows at 8.5 um and 10.35 pm. The 8.5 pum
band, in conjunction with the 11.2 um band, will enable detection of volcanic dust cloud containing
sulfuric acid aerosols. In addition, the 8.5 um band can be combined with the 11.2 and 12.3 um channels to
derive cloud phase. The 10.35 um band will help to derive low-level moisture, cloud particle size and
surface properties. Another proposed band is centered at 0.86 um to help with the detection of aerosols and
vegetation; this band may also enable monitoring of localized vegetation stress and fire danger. Finally, a
near-infrared band is proposed at 1.38 um to detect very thin cirrus not detected by other bands. Taken as a
whole, the additional bands are intended to improve moisture, volcanic and conventional cloud, aerosol,
and surface sensing capabilities. These additional bands have the goal of meeting NWS requirements and
enhancing opportunities for weather and climate research and applications.

GOES Advanced Baseline Imager simulations, based on high spatial resolution Moderate Resolution
Imaging Spectroradiometer (MODIS) data, have been compared to imagery from the current GOES
imagers for a wide range of meteorological phenomena. These phenomena include wave clouds, severe
convection, hurricanes, volcanoes, fires, lake ice, cloud phase and fog. ABI simulations show convincingly
that the 12 channel version addresses NWS requirements for improved cloud, moisture, and surface
products.

The need for the ABI is documented. The technology is proven. The time is right to update the GOES
imager!

Advanced Sounder (Dr. Paul Menzel/ NESDIS)

The era of operational high-spectral-resolution infrared radiance measurements from the geostationary
perspective is approaching. with the advent of the Advanced Baseline Sounder. These advanced sounders
will have over one thousand channels with spectral widths on the order of half wavenumbers, while the
current GOES Sounders have only 18 bands with spectral widths on the order of tens of wavenumbers. The
ABS is likely to be an interferometer that overcomes several existing instrument limitations. Current GOES
Sounders are limited in their hourly spatial coverage, their spectral resolution which restricts vertical
resolution, and their ability to depict boundary layer small scale temperature and moisture changes.

Geostationary high spectral resolution infrared measurements will resolve high temporal and vertical
fluctuations of moisture that are not resolved by current in-situ or satellite measurements. Only
geostationary interferometers can observe critical meteorological parameters (temperature, moisture,
clouds, winds) with necessary temporal, spatial and vertical resolutions to support future:

=  Nowcasting,
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=  Short-range weather forecasting, and
=  Longer-range numerical weather prediction.

ABS will enable monitoring the evolution of temperature and moisture inversions in clear skies; being able
to characterize inversions is important for many reasons, including the detection of severe weather potential
and possible fog formation, numerical model initialization, and sounding retrieval. High-spectral-resolution
sounder radiances also allow an improved cloud-top pressure estimate.

Expectations from the Geo-Interferometer:

=  depicts water vapor as never before by identifying small scale features of moisture vertically and
horizontally in the atmosphere

= tracks atmospheric motions much better by discriminating more levels of motion and assigning
heights more accurately

= characterizes life cycle of clouds (cradle to grave) and distinguish between ice and water cloud
(which is very useful for aircraft routing) and identify cloud particle sizes (useful for radiative
effects of clouds)

= measures surface temperatures (land and sea) by accounting for emissivity effects (the improved
SSTs would be useful for sea level altimetry applications)

= distinguishes atmospheric constituents with improved certainty; these include volcanic ash (useful
for aircraft routing), ozone, and possibly methane plus others trace gases.

GIFTS (Dr. William Smith/ NASA)

Important temporal and spatial coverage gaps in atmospheric data exist that can be filled with the next
generation geostationary satellite sounding systems. Specifically, the Geosynchronous Imaging Fourier
Transform Spectrometer (GIFTS) is a system of state of the art remote sensing technologies which will
permit the observation of the three dimensional distribution of the basic atmospheric state parameters (i.c.,
temperature, moisture, and wind) with high spatial resolution and on a near continuous basis. Once
implemented on the GOES, a revolutionary new weather nowcast capability is made possible through real-
time displays of thermodynamic products of GIFTS data, combined with precipitation information
observed from ground-based radars, accessed by the general public through palm type computers. Also,
significant improvements in numerical weather predictions on both the regional and global scales is made
possible through the continuous assimilation of the high spatial and temporal resolution GIFTS sounding
data with atmospheric state observations from low altitude earth orbiting satellites, aircraft, and surface
based systems. In this presentation, the technologies and the meteorological remote sensing capabilities of
the GIFTS component of the future observing system is described. GIFTS capability is planned for space
demonstration beginning in 2005. The planned infusion of GIFTS technology and measurement capability
into the next generation GOES is discussed.

Space Environment Monitor (Dr. Howard Singer /OAR/SEC)

The GOES program has included space environment measurements since its inception about a quarter-
century ago, beginning with the launch of the Synchronous Meteorological Satellites SMS-1 in 1974. These
measurements have continued to grow in importance as the Nation's reliance on space and ground-based
technology affected by the space environment accelerates, and as we embark upon an era of permanent
human presence in space with the occupancy of the International Space Station. The GOES program can be
proud that these observations demonstrate the program's commitment to solar and Earth environmental
measurements that extends beyond GOES' primary meteorological mission. This presentation provides an
overview of the NOAA Space Environment Center (SEC), the current GOES Space Environment Monitor
(SEM) instruments and their products that benefit society, the GOES R+ SEM instrument baseline and
proposed improvements, and discussion of trade studies and a request for user/partner participation.

The environment monitored by the SEM instruments includes both solar and the near-Earth magnetosphere.
The SEM instruments provide much needed information on solar sources of near-Earth space environment
effects through measurements of solar x-rays, solar EUV radiation, and solar/solar wind generated
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energetic particles. Other SEM instruments make critical measurements of the energetic particles and
magnetic fields in the important, and unique, geosynchronous environment.

The GOES SEM measurements contribute to many aspects of SEC's mission. SEC is the Nation's official
source of space weather alerts and warnings and we continually monitor and forecast Earth's space
environment conditions to reduce adverse effects of space weather disturbances on human activities. The
GOES data are vital for this portion of our mission, for use by private industry vendors, and for serving
researchers who use the data deposited in the national archive at the National Geophysical Data Center
(NGDC). Two of the three, recently established NOAA Space Weather Scales, Solar Radiation Storms and
Radio Blackouts, depend on the GOES measurements for quantifying space weather effects, just as the
Richter scale depends on seismometers.

The GOES data are used by the 24x7 SEC Space Weather Operations (SWO) at SEC where data are
received, synthesized, and alerts and warnings are issued for numerous space weather customers including
the US Government, the International Space Environment Services, and commercial users. SEC
disseminates these data through a variety of systems and we are working towards improved methods by
enhancing our coor